Introduction {#sec0005}
============

The devastating marks left by infectious diseases on human race are much similar to that caused by famine and war \[[@bib0005]\]. Majority of the infectious diseases are caused by viruses, bacteria or fungi. Coronaviruses are a family of viruses responsible for causing diseases ranging from mild infection to death causing diseases such as Severe Acute Respiratory Syndrome (SARS). Since the advent of the 21^st^ century, there has been a surge in the discovery of new coronaviruses such as SARS Co-V, HCoV-NL63, HCoV-HKU1 etc. \[[@bib0010]\]. The detailed medical analysis on the death of a 60-year-old man in Saudi Arabia led to the discovery of a novel coronavirus \[[@bib0010]\], which was later coined as Middle East Respiratory Syndrome CoronaVirus (MERS Co-V). The incubation period associated with the viral infection ranges from 2 to 14 days. The mortality rate associated with MERS Co-V is over 30% \[[@bib0015]\]. MERS Co-V is a zoonotic virus wherein human beings may get infected due to direct or indirect contact with infected animals \[[@bib0020]\]. Camels have been identified as a carrier \[[@bib0025]\]. It is believed that the MERS-CoV is transmitted to humans from camels through respiratory droplet, saliva, or consuming undercooked camel meat or milk. Using viral genome sequencing, the zoonotic nature of the virus was confirmed \[[@bib0030]\]. MERS Co-V RNA was detected in nasal swab of infected camels, and their antibodies were found in 70% of the positively tested camels \[[@bib0035]\]. Contact with infected people in healthcare facilities, houses and communities have also contributed to the spread of the disease \[[@bib0040], [@bib0045], [@bib0050], [@bib0055]\]. Healthcare facilities are the major source of nosocomial outbreak of the disease \[[@bib0060]\]. Studies conducted have reported that there is no pandemic risk associated with the disease acquired through contact with infected people \[[@bib0065]\]. Proper awareness of modes of transmission of the disease can help in preventing the spread of the infection. Several studies have been conducted to assess the knowledge of MERS among various sections of the society \[[@bib0070], [@bib0075], [@bib0080]\]. A recent study conducted throws light on the lack of knowledge of the general public regarding the probable epidemic nature of the disease \[[@bib0075]\].

According to the information provided by the World Health Organization (WHO), about 27 countries have reported cases on MERS Co-V infection since 2012. Nearly 80% of the cases have been reported from the Middle Eastern country, Kingdom of Saudi Arabia. Acute respiratory problem along with fever, cough or shortness of breath are the most common symptoms of MERS Co-V infection. Apart from the aforementioned health problems, many people infected with the virus suffered from diarrhoea, nausea or vomiting. In a small fraction of cases, people with infection showed very mild or no symptoms. The mortality rate is comparatively high in people suffering from comorbidities \[[@bib0085]\]. People suffering from kidney problems, cancer, diabetics, respiratory problems etc. are more likely to be severely infected by the virus \[[@bib0060]\].

Rivers et al. used Poisson regression to identify the risk factors associated with death and severity of the disease. They concluded that advancing age and pre-existing diseases were the main risk factors leading to death and severe infection \[[@bib0090]\]. Ahmed employed statistical methods to determine the predictors responsible for recovery from the disease after 3 and 30 days of onset of symptoms. The study identified old age, non-healthcare workers, severe infection and hospital-acquired infection as the leading factors responsible for mortality \[[@bib0095]\].

Al-Turaiki et al. used predictive models such as naïve Bayes and J48 to analyse MERS data pertaining to Saudi Arabia \[[@bib0100]\]. The recovery model generated indicates that the healthcare workers are most likely to recover from the infection. In the case of non-healthcare workers, pre-existing diseases hamper the recovery. The authors also generated a stability model from which it can be inferred that in the case of people with pre-existing diseases, symptoms and age turned out to be the significant factors in determining the severity of viral infection. Abdullah et. al. used classification methods such as support vector machine, random forest and naïve Bayes to detect MERS Co-V infection. The authors observed that people above 50 years had more chances of infection compared to the rest \[[@bib0105]\].

The studies on the trends associated with infectious diseases are broadly classified into computational, mathematical and surveillance based methods \[[@bib0110]\]. Our paper aims at identifying the important factors which influence the recovery of MERS Co-V infected people in the Kingdom of Saudi Arabia. Machine learning techniques and statistical analysis are employed for the purpose.

Methods {#sec0010}
=======

Data description {#sec0015}
----------------

The data for analysis was taken from the Control and Command Centre, Ministry of Health website of the Kingdom of Saudi Arabia. MERS Co-V cases from January 2015 to April 2018 have been used in the study. A total number of 983 MERS cases were reported during this period. Although there has been a tremendous reduction in the number of new cases compared to the year 2014 until now the disease has not been brought under control.

The information gathered consisted of daily records based on new cases, recovery cases and death cases. The recovery and death cases were mapped with the new cases reported to gather more information regarding the patients infected with MERS. The unmatched patient records were eliminated and hence 836 patient records were used for analysis. Out of the 836 cases, 52 patients were initially reported as dead. Hence, those cases were also removed from the dataset, and 784 cases were used in the study. The description of the database used for research is shown in [Table 1](#tbl0005){ref-type="table"} . The database analysed consists of 261 death cases.Table 1Description of data used.Table 1AttributeDescription of attributeValues% of casesDeathRecoveryGenderGender of the patientMale69.6%38.3%61.7%Female30.4%21.8%78.2%AgeAge of the patient1--25 years5.9%21.7%78.3%26--50 years39.2%18.9%81.1%51--75 years44.5%41.3%58.7%\>75 years10.4%59.8%40.2%HCWHealthcare worker or notYes16.1%0.8%99.2%No83.9%39.5%60.5%SymptomsSymptoms present or notYes89.8%37.1%62.9%No10.2%0%100%IStatusStatus at time of identification of diseaseStable65.3%17.4%82.6%Critical34.7%63.2%36.8%PreDiseasePresence of pre-existing disease or notYes71.8%43%57%No28.2%8.6%91.3%AnimalExpPatient in contact with animal or notYes21.2%37.9%62.1%No78.8%32%68%HHCHospital, household or community acquiredYes38.3%21.3%78.7%No53.2%39.3%60.7%Under investigation8.5%49.2%50.8%DRPatient died or recoveredDied33.3%----Recovered66.7%----

Methods used {#sec0020}
------------

Machine learning methods were used to find the important factors associated with viral infections. The experiments were implemented using R programming language. The machine learning methods such as support vector machine, naïve Bayes, conditional inference tree, J48 and logistic regression were used to find the important predictors. The variable importance associated with the factors serves as an indicator of the importance of the factors associated with the recovery from MERS Co-V infection. Univariate and multivariate analysis were carried out using logistic regression to identify the statistically significant factors.

### Support vector machine {#sec0025}

Support vector machine is also known as hyperplane classifier as it strives to find a hyperplane which is capable of dividing the different classes of data with a relatively large margin. It has the capability to learn, independent of the number of features of the dataset. SVM with a radial kernel is used to perform the experiments.

### Naives Bayes {#sec0030}

Naives Bayes is based on the assumption that the factors of the dataset considered are in no way related to one another. It is based on Bayes' theorem which computes the conditional probability of the classification result based on independent factors \[[@bib0115]\]. Conditional probability is computed as shown in Eq. [(1)](#eq0005){ref-type="disp-formula"}.$$P(C|X) = \frac{P(X|C)\text{*}P\left( C \right)}{P\left( X \right)}$$where $C$ denotes the target variable and $X$ is the predictor.

### Conditional inference tree {#sec0035}

Conditional inference tree is a widely used tree-based classification technique. It differs from RPart in the strategy adopted to select variables while splitting the tree. RPart selects variable by maximizing information criterion while conditional inference tree selects variables which are statistically significant.

### J48 {#sec0040}

J48 generates C4.5 trees which are either pruned or unpruned \[[@bib0120]\]. The decision tree method C4.5 is an extension of Iterative Dichotomiser 3 (ID3). The nodes are split based on the difference in entropy. C4.5 is capable of handling both continuous and discrete attributes.

### Logistic regression {#sec0045}

Logistic regression (also known as logit regression) is a classification method used to predict the value of a categorical variable. It models the probability of the response belonging to a particular category. Logistic regression involves computing the log odds of an event which is considered equivalent to multiple linear regression function. In this work, binomial logistic regression was used because the outcome of the prediction belongs to any one of the two classes (death or recovery).

Results {#sec0050}
=======

The important predictors associated with MERS recovery was obtained by computing the variable importance associated with different machine learning methods by considering the entire data as the train data. The graphical representation of the variable importance of factors corresponding to various methods are shown in [Fig. 1](#fig0005){ref-type="fig"} .Fig. 1Graphical representation of variable importance corresponding to different methods.Fig. 1

It is evident from various plots in [Fig. 1](#fig0005){ref-type="fig"} that the four most important factors associated with survival of MERS Co-V infected people are initial status of the disease (istatus), age, pre-existing diseases (predisease) and whether the patient is a healthcare worker or not (hcw). Statistical analysis such as univariate and multivariate logistic regression were also carried out to find the important factors associated with recovery from MERS. The estimate and p-values of the analysis are tabulated in [Table 2](#tbl0010){ref-type="table"} .Table 2Univariate and multivariate logistic regression analysis of recovery.Table 2CharacteristicUnivariate analysisMultivariate analysisEstimatep-ValueEstimatep-ValueGender (male)−0.79689.46e-06 \*\*\*−0.401290.07732.Age−0.83321.07e-13 \*\*\*−0.438410.00135 \*\*Healthcare worker (yes)4.402521.23e-05 \*\*\*3.161660.00233 \*\*Symptoms (yes)−17.040.969−16.034750.97933Initial status (stable)2.1011\<2e-16 \*\*\*1.79366\<2e-16 \*\*\*Pre-existing disease (yes)−2.08132.97e-16 \*\*\*−0.967650.00137 \*\*Animal exposure (yes)−0.260390.1520.089420.69808Hospital household community acquired (under investigation)−0.40370.126−0.653280.04246 \*Hospital household community acquired (yes)0.87144.69e-07 \*\*\*−0.196020.40661

The presence of asterisk next to the p-value in [Table 2](#tbl0010){ref-type="table"} indicates that the attribute is significant. The p-values of significant variables are visually encoded. The significance codes less than 0.001, between 0.001 and 0.01, between 0.01 and 0.05, and between 0.05 and 0.1 are represented using the symbol \*\*\*, \*\*, \* and . (dot) respectively. In the aforementioned table, estimate refers to the log of odds. A negative value of estimate indicates that the variable has a negative impact on recovery and vice versa. It can be inferred from univariate and multivariate analysis that all variables except symptoms and animal exposure are significant in determining the recovery of a patient. Multivariate analysis was again done by taking the top four significant variables obtained from the multivariate analysis performed earlier, and the results are shown in [Table 3](#tbl0015){ref-type="table"} .Table 3Multivariate logistic regression analysis of recovery using top 4 significant variables.Table 3CharacteristicEstimatep-ValueAge−0.43270.001278 \*\*Healthcare worker (yes)3.29870.001260 \*\*Initial status (stable)1.8837\< 2e-16 \*\*\*Pre-existing disease (yes)−0.98610.001067 \*\*

It is evident from [Table 3](#tbl0015){ref-type="table"} that all the four variables are highly significant with p-value less than 0.01. It can be inferred from [Table 3](#tbl0015){ref-type="table"} that the most significant factor influencing recovery is the severity of the disease (indicated by initial status). The most important factors identified by the various machine learning methods are initial status, healthcare worker or not, age and pre-existing diseases.

Discussion {#sec0055}
==========

The results of the important variables identified by machine learning models such as SVM, J48, naives bayes and CTree are consistent with the earlier studies \[[@bib0090], [@bib0095], [@bib0100],[@bib0125]\]. The J48 decision tree developed by Al-Turaiki et al. identified that pre-existing disease and whether the patient is a healthcare professional or not are the main factors influencing recovery \[[@bib0100]\]. The study conducted based on MERS infection in South Korea identified age and comorbidities as vital factors in determining recovery \[[@bib0125]\].

On analysis of the data it has been observed that there is only a slight difference between the death rate in patients exposed to camels and patients not exposed to camels. Hence the feature animal exposure turned out to be an insignificant attribute. However, it is to be specially noted that nearly 80% of the recovered patients who had exposure to camels were initially in a stable condition. This may have contributed immensely to recovery thereby making camel exposure as an insignificant factor. Nearly 10% of the MERS infected patients exhibited no symptoms and had recovered from the disease. It has been observed from the data obtained that all the asymptomatic patients were less severely infected and a majority of them acquired infection from others. The death rate among healthcare workers is negligible. This is due to increased infection awareness, early diagnosis and protective measures taken \[[@bib0130]\]. The univariate analysis of survival yields the result that gender is a significant factor and male are more likely to die. There is a considerable difference between the number of male and female infected patients. Furthermore the survival rate in women are more than men. This may be due to the following reasons:iNearly 33% of the infected women are healthcare personnel while it is only 8% in the case of men.iiThe social set up in the country makes men more prone to the disease than women. \[[@bib0135]\]iiiCompared to women, men are most likely to be in direct contact with camels. As per the data analysed nearly 94% of the patients in contact with camels were men.

However, it is evident from [Table 2](#tbl0010){ref-type="table"} that on performing multivariate analysis, gender feature turns out to be least significant \[[@bib0055]\]. This is due to the fact that attributes such as age, pre-existing diseases and critical initial status shield the gender attribute. It is obvious that irrespective of gender, the aforementioned characteristics adversely affect recovery. Univariate analysis shows that acquiring infection from others is a significant feature. The death rate due to primary infection is nearly double that of infection acquired from others. Both univariate and multivariate analysis shows that age is a significant attribute in determining recovery and older people are more likely to die. The mortality rate is around 50% in patients above 50 years of age. This is attributed to the fact that they are most likely to suffer from other comorbidities \[[@bib0060]\]. Both univariate and multivariate analysis reflect that pre-existing diseases have a negative impact on recovery. The above facts suggest that the elderly and people suffering from comorbidities demand special care in the treatment of MERS \[[@bib0090]\].

Initial status is the most significant attribute as per the results of both univariate and multivariate analysis. This result is consistent with the other machine learning model based methods used in the present work, the results of which are depicted in [Fig. 1](#fig0005){ref-type="fig"}. Positive value for the estimate of initial status 'stable' indicates that the recovery rate is high in patients with less severe disease.

Conclusion {#sec0060}
==========

In this paper, the main factors influencing the recovery of MERS patients in Saudi Arabia are identified based on cases reported by Command and Control Centre of Ministry of Health, KSA. Machine learning models and statistical analysis are used for this purpose. The important factors identified include the patient's age, pre-existing diseases, initial status (severity of the infection) and whether he/she is a healthcare worker or not. Though MERS Co-V is zoonotic in nature, animal exposure is not a major factor leading to death. This is evidently due to stable initial condition of majority of the patients exposed to camels. The experiments conducted show that the severity of the disease is the most significant factor influencing recovery from the disease. It is apparent that the mortality rate can be reduced considerably, if the infected people seek medical attention at the earliest. Therefore widespread public awareness regarding the symptoms of MERS will play a vital role in increasing the recovery rate. Since the infection also spreads due to person to person contact, an effective monitoring system is highly essential to prevent the disease from spreading.
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